Mercuric chloride induces apoptosis in human T lymphocytes: evidence of mitochondrial dysfunction.
The major objective of our study was to define the mechanism by which mercuric chloride (HgCl2) induces human T-cell death. Human peripheral blood T-cells were exposed to 0-40 microm HgCl2 and then analyzed for biochemical and molecular features of T-cell apoptosis. HgCl2-treated cells exhibited increased Hoechst 33258 fluorescence while maintaining their ability to exclude the vital stain 7-aminoactinomycin D. To further evaluate cell death and distinguish between apoptosis and necrosis, translocation of phosphatidylserine to the outer layer of the plasma membrane (annexin V binding), DNA fragmentation (TUNEL assay), and cleavage of poly (ADP-ribose) polymerase (PARP) were assessed. In the presence of 20-40 microm HgCl2, T-cells exhibited increased annexin V binding (28%) and DNA fragmentation (31%). HgCl2-dependent PARP cleavage was also observed by Western blot analysis. Because degradative changes associated with apoptosis are often preceded by disruption of mitochondrial function, HgCl2-treated cells were assessed for disruption of the mitochondrial transmembrane potential (DeltaPsim) and development of the mitochondrial permeability transition state. Using DiOC6(3), we demonstrated that HgCl2 exposure resulted in a decrease in the DeltaPsim. Because a decline in DeltaPsim can disturb the intracellular pH (pHi), we used the fluorescent probe, SNARF-1, to assess intracellular acidification. Treatment of T-cells with HgCl2 resulted in reduced pHi from 7.0 to 6.7. Concomitant with these observations, the fluorescent probe, hydroethidine, was utilized to demonstrate that uncoupled mitochondrial electron transport resulted in increased reactive oxygen species (ROS) generation. Interestingly, in spite of these alterations to mitochondrial function, translocation of cytochrome c to the cytosol was not detected; this correlated with enhanced bcl-2 levels in HgCl2-treated cells. In conclusion, HgCl2 exposure results in oxidative stress and activation of death signaling pathways leading to apoptosis. Collectively, our studies indicate that individual mercurial species are capable of inducing T-cell death by activating specific apoptotic cascades.